Objective: To observe the pulmonary vascular remodeling in rats with pulmonary hypertension induced by hypoxia and hypercapnia, and to explore the role of endoplasmic reticulum stress in pulmonary hypertension. Methods: 1) 40 SD rats were randomly divided into four groups: normoxic control group (N), hypoxia hypercapnia group (HH), endoplasmic reticulum stress (ERS) inhibitor 4-phenyl butyric acid group (4-PBA), ERS pathway agonist tunicamycin group (TM). 2) The mean pulmonary arterial pressure (mPAP) and the right ventricular hypertrophy index (RV/(LV + S)) were measured in each group. 3) Identification of pulmonary artery smooth muscle cells (PASMCs) in each group by immunofluorescence α-SMA. 4) Morphological changes of lung tissue and pulmonary artery were observed by electron microscope. 5) The apoptotic index of PASMCs in each group was detected by TUNEL. 6) Reverse transcription polymerase chain reaction (RT-PCR) and Western Blot (WB) were used to detect the expression of ERS related protein and mRNA (GRP78, CHOP, JNK, Caspase-12) in each group. Results: 1) Compared with the N group, the mPAP, RV/(LV + S) and vascular wall area (WA)/total area (TA) value of HH group, 4-PBA group and TM group were increased (P < 0.01), and the vascular lumen area (LA)/TA values, PASMCs apoptosis index were significantly decreased. GRP78, CHOP, JNK, Caspase-12 expression were increased, and the differences were statistically significant. 2) Compared with the HH group, the mPAP, RV/(LV + S) and WA/TA of 4-PBA group were decreased (P < 0.01); the LA/TA value and PASMCs apoptosis index were increased (P < 0.05); and the mRNA and protein expression of CHOP, JNK, Caspase-12 and GRP78 had a significant decrease (P < 0.05). 3) Compared with the HH, the mPAP, RV/(LV + S) and WA/TA of TM group were increased (P < 0.05, P < 0.01), while LA/TA were decreased (P < 0.01); and PASMCs apoptotic index was increased (P < 0.01). Meanwhile, the mRNA expression of Caspase-12, CHOP, JNK and GRP78 was increased to varying degrees (P < 0.05), and the protein expression of Caspase-12, CHOP and JNK was also increased significantly (P < 0.01). Conclusion: Hypoxia and hypercapnia induced pulmonary vascular remodeling may be related to the proliferation of PASMCs, and ERS related factors (JNK, Caspase12 and CHOP) are involved in the regulation of hypoxic hypercapnia.
Introduction
Pulmonary artery hypertension (PAH) is a kind of pulmonary vascular selective remodeling disease [1] . Pulmonary artery smooth muscle cells (PASMCS) have the characteristics of proliferation and apoptosis. Moreover, the pulmonary artery remodeling blocks the vascular lumen, finally leading to right ventricular failure and premature death. Some studies have shown that a common feature of triggering or promoting PAH processes is endoplasmic stress (ERS) [2] [3] . The endoplasmic reticulum is used to detect and handle stress, and when the stress is high or endoplasmic reticulum stress is unresolved, the endoplasmic reticulum transfers the signal to mitochondria so as to initiate programmed cells death named apoptotic [4] . Endoplasmic reticulum function is affected by various stress, including reactive oxygen species, viral infections, hypoxia, calcium homeostasis and changes in cell lipids [5] [6] . Recent studies have shown that loss of function in BMPRII and the dysfunction of key protein transport can also cause endoplasmic reticulum stress [7] . In these organelles, stress manifests as the accumulation of misfolding proteins, triggering an unfolded protein response (UPR). UPR is an important part of endoplasmic reticulum stress and mainly composed of proteinkinase RNA-like endoplasmic reticulum kinase (PERK), inositol-requiring enzyme1α (IRE1α) and activating transcription factor 6 (ATF6) [8] . What's more, endoplasmic reticulum stress response triggers UPR by different signal transduction pathways. Under normal stress conditions, these pathways activate several transcription factors and can protect the body by reconstructing the endoplasmic reticulum steady state. However, under severe acute or chronic stress conditions, UPR directly drives mitochondria to cause apoptosis [9] , and the rapid increase in GRP78 is considered to be the most sensitive sign of endoplasmic reticulum stress [10] .
PERK branches are involved in the reduction of protein synthesis, activation of cell apoptosis and autophagylase degradation [11] . In hypoxic conditions, PERK activates transcription factors ATF4 and CHOP, which induces cells apoptosis [12] . IRE1α branches activate two endoplasmic reticulum stress pathways: one is regulated by the XBP-1 transcription factor, which participates in the expression of molecular chaperones and other endoplasmic reticulum proteins; the other is by the C-Jun amino terminal kinase (JNKs) regulation [13] . The activation of JNK plays an important role in apoptosis during chronic stress [14] . Meanwhile, the over expression of IIRE1α can also directly activate Caspase-12, which induces apoptosis [15] . Therefore, it can be seen that CHOP, JNK and Caspase-12 are the three major apoptotic genes related to ERS pathway.
The previous research has shown that endoplasmic reticulum stress can be alleviated by small molecule chemical chaperones such as fatty acid derivative chaperone 4-phenylbutyric acid (4-PBA) and cholic acid derivative taurine deoxycholic acid (TUDCA). Tunicamycin (TM), a nucleoside antibiotic, and the first step in inhibiting the biosynthesis of N-linked oligosaccharides in cells [16] , which leads to endoplasmic reticulum or unfolded glycoprotein, gathered in the endoplasmic reticulum, and eventually caused endoplasmic reticulum stress. In this study, 4-PBA and TM were used as inhibitors and agonists of endoplasmic reticulum stress respectively to intervene in pulmonary hypertension and explore the role of ERS pathway in hypoxia and hypercapnic induced pulmonary hypertension. 
Materials and Method

Experimental Animals
Reagents
Rats Model Preparation
Forty SD rats were randomly divided into four groups (n = 10) respectively: normoxic control group (N), hypoxia hypercapnia group (HH), ERS inhibitor 4-phenyl butyric acid group (4-PBA), ERS pathway agonist tunicamycin group (TM). The latter three groups were placed in chamber of hypoxia hypercapnia, Oxygen concentration in the tank remained at 9% -11%, and the concentration of carbon dioxide was maintained at 5% -6% (Cabin water vapor was absorbed by anhydrous CaCl 2 , and excess carbon dioxide was absorbed by calcium hydroxide) for 24 days. Besides, 4-PBA group was injected intraperitoneally with 4-PBA which dissolved in warm saline, the dosage was 80 mg/kg/day, and TM group was injected intraperitoneally with TM diluted with physiological saline, DOI: 10.4236/jbm.2018.66004the dosage was 0.08 mg/kg, twice a week. What's more, HH group intraperitoneal injection of the same amount of normal saline, and N group placed outside the cabin for 24 days.
Pressure Detection
After the rats were fixed, the pulmonary arterial mean pressure (mPAP) were measured by Powerlab bioinformatics system in vivo, then, Cut the heart and weighed the weight of the right ventricle(RV) and left ventricle plus free wall (LV + S), then the right ventricular hypertrophy index [RV/(LV + S)] were measured.
Immunofluorescence Assay
α-SMA is a specific marker of smooth muscle cells, using immunofluorescence α-SMA labeling method to identify the lungs and small arterial smooth muscle cells.
The Observation of Transmission Electron Microscopy
Morphological changes of lung and small arteries were observed by electron microscope.
The Detection of TUNEL
The apoptotic index of pulmonary artery smooth muscle cells was detected by TUNEL detection.
RT-PCR and Western Blotting Detection
Use reverse transcription polymerase chain reaction (RT-PCR) and Western blotting (WB) to detect the mRNA and protein expression of GRP78, CHOP, JNK and Caspase-12 in each group.
Statistical Analysis
SPSSl9.0 software was used for statistical analysis, Metrological data were tested for normality, and data were expressed as mean ± SD. Comparison between groups using one-way analysis of variance (one-way ANOVA). LSD method t-test was used for homogeneity of variance, and P < 0.05 was statistically significant.
Results
Comparison of the mPAP and RV/(LV + S) in Each Group
Compared with N group, the mPAP and RV/(LV + S) in HH group, 4-PBA group and TM group were significantly higher (P < 0.01). Compared with HH group, the mPAP and RV/(LV + S) were lower (P < 0.01) in 4-PBA group, however, these indexes were increased in TM group (P < 0.05).
Immunofluorescence of Pulmonary Arterioles in Each Group
Use Rabbit anti-rat alpha-smooth muscle actin (alpha-SMA) monoclonal anti- obviously proliferated, the wall thickness was increased (vascular wallarea (WA)/total area (TA), P < 0.01), and the lumen area was reduced (vascular lumen area (LA)/TA, P < 0.01). Compared with HH group, the proliferation of smooth muscle cells was inhibited by 4-PBA group, WA/TA value was decreased, and LA/TA value was increased (P < 0.01). Meanwhile, the pulmonary arterial smooth muscle layer of TM group was increased, WA/TA value was increased, and LA/TA value was decreased compared with HH group (P < 0.01) ( Figure 1 , Table 1 ).
Observation of Lung Tissue Transmission Electron Microscopy in Each Group
As shown in Figure 2 , pulmonary artery basement membrane epithelial cells flatted tightly adhesion in N group, and the microvilli emerged in the free surface of the cell, smooth muscle cells were small, and organelles were abnormal.
Moreover, in the HH group, the pulmonary artery endothelial cells were dam- 
TUNEL Identification of Pulmonary Artery Smooth Muscle Cell Apoptosis
The apoptotic index of HH group, 4-PBA group and TM group were decreased compared with N group (P < 0.01, P < 0.05). Moreover, the apoptotic index of 4-PBA group were increased compared with HH group (P < 0.05) and the apoptotic index of TM group was decreased (P < 0.01). The differences were statistically significant (Figure 4 ).
Comparison of GRP78, JNK, Caspase12 and CHOP mRNA Expression in Rats
The expression of GRP78, JNK, Caspase12 and CHOP mRNA in HH group, 4-PBA group and TM group were all increased compared with N group, and the difference was statistically significant. Moreover, compared with HH group, the expression of JNK, Caspase12, CHOP, GRP78 mRNA in 4-PBA group was slightly lower (P < 0.05). Meanwhile, compared with HH group, the expression of JNK, Caspase12, GRP78 and CHOP mRNA in TM group was significantly up-regulated (P < 0.05, P < 0.01) (Figures 5-8) . 
Comparison of Changes of GRP78, JNK, Caspase12 and CHOP Protein Expression in Lung Tissue of Rats
The protein expression levels of GRP78, JNK, Caspase12 and CHOP were increased in N group, HH group, 4-PBA group and TM group compared with N group, and the differences were statistically significant. Moreover, compared with HH group, the protein expression of GRP78, JNK, Caspase12 and CHOP in 4-PBA group were decreased (P < 0.05), and the expression of JNK, Caspase12
and CHOP in TM group were increased (P < 0.05, P < 0.01), the expression of GRP78 protein was slightly up-regulated, however, the difference was not statistically significant (P > 0.05) (Figures 9-12 ).
*P < 0.05 VS N group; **P < 0.01 VS N group; △ P < 0.05 VS HH group. 
Discussion
Endoplasmic reticulum is an important organelle of calcium storage, multicellular biofibroma synthesis, protein folding and secretion [17] [18]. Cell metabolism is related to endoplasmic reticulum structure, so the more exuberant metabolism, the more rich structure. Endoplasmic reticulum stress response is a mechanism for repairing false folding proteins during physiological stress, and when the pressure is irreparable, the body starts a death procedure. Moreover, chronic hypoxia-induced pulmonary hypertension model is a mature method, however, PAH patients are usually accompanied by alveolar and blood carbon dioxide partial pressure increased, therefore, in this study, we used 5% -6% CO 2 and 9% -11% O 2 mixed gas to induce rat pulmonary hypertension models.
Although it is not clear how 4-PBA participated in cell stress response mechanisms [19] , the efficacy of 4-PBA in reducing ERS in organizations has been widely demonstrated [20] [21]. So we used 4-PBA as an ERS inhibitor in this study, and from pre-experimental and some related references, the dosage of 80 mg/kg/day was the most suitable. Moreover, N-glycosylation is a highly regulated and critical step in the process of transmembrane glycoprotein maturation [22] . TM, a nucleoside antibiotic, was a first step in inhibiting the biosynthesis of N-oligosaccharides in cells which resulting in glycoprotein folding and causing the aggregation of the wrong or unfolded glycoprotein on the endoplasmic reticulum, and finally leaded to ER stress [23] [24]. The previous study has shown that TM enhanced the sensitivity of lung cancer cells [25] . In this study, TM was used as ERS agonist in the model rats, also from pre-experimental and some related references, the dosage of 0.08 mg/kg, twice a week was better for experimental results.
In the present study, immunofluorescence, electron microscopy and TUNEL were used to observe the remodeling of pulmonary vascular remodeling. Com- in TM group were higher than that in HH group (P < 0.05), and the protein expression of GRP78 was higher than that in HH group, but the difference was not statistically significant. What's more, in multicellular eukaryotes, endoplasmic reticulum stress is induced by three upstream signaling proteins (IRE-1α, PERK and ATF6), and these three pathway co-formed the UPR. Under normal circumstances, IRE-1α, PERK and Bip/GRP78 combined into a complex in an inactive state [26] , however, when a stress response occurs, unfolded proteins or misfolding proteins accumulated in the endoplasmic reticulum, and three transmembrane proteins were activated by separation of Bip/GRP78, so the rapid upregulation of GRP78 marked the beginning of ERS [27] . Some studies have
shown that endoplasmic reticulum stress-induced upregulation of GRP78 cells is limited [28] , this can explain our experimental results that the GRP78 protein expression levels in TM group compared with HH group was no significant difference. Also, the results also showed that CHOP expression in TM group was significantly higher than that in HH group (P < 0.01). As we all know, CHOP was one of the highest inducible genes in endoplasmic reticulum stress which could promote apoptosis [29] . CHOP as a nuclear transcription factor, and un-der normal circumstances the protein expression was difficult to detect. In this study, we extended milk closed time, increased the anti-dilution concentration and extended the exposure time and other methods to detect it.
Studies have pointed out that reduced ERS can prevent the progress of pulmonary hypertension which mainly by inhibiting the proliferation of PASMCs and induce them apoptosis. In this study, the apoptotic index of PASMCs in HH group was lower than that in N group, the apoptotic index of PASMCs in 4-PBA group was higher than that in HH group, and the apoptotic index of PASMCs in TM group was higher than that in HH group, so the reason may be that when ERS was enhanced, the content of transmembrane protein ATF-6 was significantly increased, and NOGO (nerve axon growth inhibitor) was released in a large amount [30] . Meanwhile, NOGO can cause mitochondrial dysfunction in PASMCs, and leaded to the transformation of glycolytic phenotype, also promoted the proliferation of PASMCs and inhibit its apoptosis, In contrast, when ERS was attenuated, it inhibited PASMCs proliferation and leaded to apoptosis [31] .
Summary
Hypoxia and hypercapnia-induced pulmonary vascular remodeling may be associated with excessive proliferation and reduced apoptosis of PASMCs, and ERS-related factors (JNK, Caspase12 and CHOP) are involved in the regulation of hypoxic hypercapnic pulmonary hypertension. Therefore, we hypothesize that inhibition of ERS-related factors may be a new and effective target for the treatment of pulmonary hypertension.
